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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a structure of a liquid 
crystal display(LCD) and to provide a method for forming it. 
SOLUTION: A black matrix layer and a color filter layer 130 of an 
LCD are transferred from a color filter substrate to a TFT substrate 
to form a color filter on a TFT (COT) structure. And an aperture 
ratio can be maximized by disposing a spacer constituted of 
photoresist or color photoresist on each part of the area covered 
by the black matrix layer 110. 
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wmnzmti wmmx-h i . 

[00 2 3] 01 AC*oT. 77 - -?h'j-y?X 
mi 1 OttTFTHBtijBfcHiifcJIS-aHRl 0 0± 
77 • Vhy-y^Tjf 1 lOfiTFT 

t f Tmo&mmt:&mtz> 

U *0*(=H!n»l 2 0*»JiW*. #($P§S1 2 0 
7y?8J!i<9J:3&1*m'-fcS. /77?'7h'j7? 

xmi i otaifflftWrfHftxtt'^-y^^bwsMW- 

[00 24] 01 BCioT. #9- • 3 
0tt77-y? •Vh'Jtnil 1 0±C3WEt*. * 
7-- 7<f^J|l 3 0ti8*&#7-<a#7- • 7-f 
^•y-H30a, 130b. 130ct«M- 
S.^^-^^W-y-fHOa, 130b, 

1 30cij$9-£?e?*;MBs:fa<otf7-- ayh5 

x h SflBM-SfclMHBP* 1 2 0 teSWS . 
[00 2 5]H1C(CJ&<»T, WHfrWilAQlii.* 
*L«i«l!PlH2 0ta»!-r«J:3»rtW-4. tr?-k 
1 4 OfciaHBT** . Witf, If 1 4 

o«otw»m y s J*nm < ito> t**. w*. 
if. £<!)mjf £*A-.y ? y y^TMtLfcfticiit h y V 
7*7 7 <f 5 i iT*t?7 Hr/MM 1 4 0 jWRSS 

[ 0 0 2 6 3 * h VVX hJH*e?-feA4M 1 4 0 £flt 
§-f£<}:3J£j£1-£. *hW>-'7hJf{277-y:? • "7h 
U y^Xl 1 0*>»5hLfc:.X A *-1M 5 OaWMESil* 
J:3fr><*-V^fcLTHPJfc***fc*-6. ±>V- 

S«l-10/<m<0RHt**«:fc* t ff4L<. 
■9-15 0 <7)®Sli 2 H-4 HOKHfc* 5 i fc £ L 

iVCHSOPTMER NN 500XiiOPTMER 
NN700^cto >;A«MXIix#*S/<i«T 

*>s. wiar. '*?-ymutcoijmte*hv v?77 
<whx.v+y?imkLxfthti6nmm**tt. 

[0027] HlDCfcoT. ftamffil7 0{±IBZ* 

Si i s o ±wE«-f * . 1 8 o mmtmtit 
Hv-xxifE&X'bh. ftiims i 7 o (±sbbtj> o . 
^mi 7 o^BfltiWitfBfl:^ ywj»mvb 

« . 1 7 0 ^BCTiSiWitf X -y + yyiftjk 

[ 0 0 2 8 ] »-«Rl 0 0 bW,ZM®. 1 8 OJiWc 
ffl^ST . 1 7 0 tx^-^r 1 5 0 * 

■w s . i o o i 8 o t vmn^fo 

(01 Dtliip?f) J±®#fW=«©LTfc<. 
[0029] jftA^ffiEMPtf^^-fe/l' • vrmz 



&XIXWLHM 1 6 0 fcJWW* . *OHP«{«atf 
*. TFT-LCD*ttftt«ia*%7-t*. 
[0030] KOtCRHHLfcWtM 1 C*V\ 7*7 v 7 

• 7h'j7mt*7~- 7<rt^J»iTFT»R(C 
^LTTFT (COT) 7- ■ 7 -f /k? £ Jg 

mskmt o s-T^itciiTcr s ; t s a*. . 
Erf*. 

[003 1] *fl±. X^-^Ji* hUx'T. ht«$ 
fU ZtimzXK— Wm.* 77>v7 -?h'J -;9X 
*±fcKSLTLCD<3HPJfc£tfc*U £*>J:3fc:L 

■c. LCDco»jgt^7- =/yh7^h5rti!l-rsc: 
[0032] mmi 

0 2 A-0 2 D !i*?SHB<9#2 L V ^3UtWcfi^ 

flP&«tc)Bi«-SISnB0'CA S . 
[0033] 02A(C*-oT- 7*7-/? • -?bV>y?X 
M2 1 O<iTFT08&£±ffi£fii§;*.£85-&«2 0 0± 
CJRlftSil*. /7 7? ■VFU y^XJi2 10J±#T 
FTtTFTHB^OIgB^ttBWS^^-^J&ttt 
L. f cOfftcBHPtf 2 2 0 5-^-fS. #IBPa52 2 0 
tt-tr^*A4C*f JEE-fl. . 7*7 v9 ■ "? K U y 2 

1 Oti^oS^A/K-ft^Di^A. ^4f^ffi|gX«iy 
7 y 7®&<?>ii 0 %#®X'$> 1. 77 ■•/ 9 ■ v h U y 7 

7.S2 1 o{»aw^itax«^^-y0ttft*^!-r 

[0 0 34] 02BCJ>oT, 7^;U^J12 3 

0 H77 v 9 ■ -7 h y y 7^il 2 1 0±{C^-fS . ^ 
7- 7-f;l/^)12 3 0li^7-LDC<yD7tS > )c7)# s 
#<?)J:5^r#a^>*7-<7)*7-- 7-f/P^ • v— 
h230a. 230^. 2 3 0 cXWltl. #^5- 
■ 7-f/U^ • >—h2 30a. 2 30b. 2 30c{il§5 

S^^PSS2 2 0tcS^|-r2.. m-*7- • X^- 
■9-2 3 0 a ' . mzt! 7- • X^- 12 3 0b' . mH 
^ 7- • X^-^2 3 0c' <i7*7 y 7 ■ 7 b >J -y 77. 

2 1 0<7)&4Hzm&mi3X/r7- ■ X^-^2 4 0 

[0035] 31-* 7--*hU^b Jil±m-S« 2 

o o±^b!«-s. m-^7- • *yv : jx vmimu 

m2 2 0^S57>^±fc:E5itl>^-*7- • 7 • 
x-h230at. 77-y? ■ V h y y 9X 2 1 0<0§5 
7>^±tE?itSm-*7- -X^— t230a' $n 

• 7 -f Wm*m-&R 2 0 0 ±fc:0fi!t-f 5 . mz^? 7 

- • * he{ippaf2 2 o (mvffiftiizmz 
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- ■**<.— 12 3 0 a' ±.\,zW.^tll^ZJjy- ■ 

—9-2 30b' twfcimti'ty-ymttzti . 

Sate, • 7 *;l^Jl£!il-S8i2 0 o±fc 

mcti. S?H#7-*hI^'XhJf{illPaS2 2 0 
^5SS^±{:ESixSmH^7- • 7 4/1^ • v-H 

2 3 0 c fc . §SZ#7- • X^-nf 2 3 0b' ±KES 

• X^-Hf 2 3 0c' &ft9(3Bi£-*-* 
^-yJEHft=-f S. ftoT. m-tiy- ■ XK-V2 

3 0a'. mZJ77- ■ X^— 9"2 30b'. 8SZ#7 

- • X^— 9"2 3 0c' im*-mtit>tlX73 ••/? ■•? 
hV v 9 X 2 1 0 <0— 7- ■ X^-Hf 2 4 0 £ 

[00 3 6] 02C££>->T. tr^-fe;Ha2 5 0ttf 
fc.-£'il;#5-- 7-fA-? -y-N230a. 230b. 
2 3 0c ±t3BiS-r 4 . tf? 250 

itflMtf > s J*7J>MThh . t?-fe;u-mffi2 50^ 
«*86t4JaTO J: 3 t^-f-xr^tr. /^-VC* 
338g!»«Ji£#5- • 7*/l/*Ji2 3 0fcj&5- • x 
9-2 4 0±CiMIS*ft. /^->JB#(cU:*h 

■^-J-230a, 230b. 2 3 0 c ±?)S®f <0- 

zmnmonftmitmiixv?-*: 

tOO 3 7] @2D££,oT. ftffl«ffi2 7 0*«*2S 
«2 8 0±cmStLS. S2ffiE2 8OOtfB<i0M. 
iftf^xXfcffiSrcfcS. #«««2 7 0U3Wrca9 
ttBttWitfflWfc-f yy'Witfei. «a«fii2 7 0 
^«^j£«iffiJi Jf xv < •/ 9 'J yfTfo h . 

[00 3 8] m-»R2 0 0fcmZ»(E2 8 0{i2VH= 
TOtfi^AT . *<*>ISt&iWffi 2 7 0 2: X*<—f 2 
5 0£E-f£. m-S«2 0 0i:mZS«t2 8 0i:^ 

ngU (02 Dieted -f) liWtSILtfc<. 

[0039] *A*flnimi!niu>6flt--SK2 o o tm 
z.ms.2 8 o t<mtr>*i)v ■ vTftic&Aixmib 
m2sozmm-h. mnmxmtt. tft-lc 

[0040] mzwrnu^mum 2 tas^ 75 ? 
• ^hV vfxmtt;?-- yovfmiTFTmmz 

fcth . ©t^jEWSrSfltfT F TmL±Tffhil S tz 

tu&z.tt,zmsth-m>,±%\\ ^t. coT«iiiji 

[004 US«t«2fcfcVvc % 7<>V?mt 



#5-x^- 9tinW»M3ti. -Hift. x^— Hf 

A$ff * 0 S £ S . *tf>±. # 7- • 
1$7'57^ • vh»j-/7xS±tiBL. unit 
£ft*fcrfS. ft^T. LCD^jSgfcrjy^xh* 

[0042] mmi 

m 3 ahi 3 b ttHMitttf* t v ^EMfomtzm m 
myyvvxmhTixrvi tBi&t&mmjmz 
mm£m»timm?*>&. *\>wjxb • x^- 
■matw 2 cfcws * 7- • x^— 9- oft*> 0 com 

[0043] mSAlZb-iX. 77>y? • VM>>y?X 

■ 3 10*«WW4IW4WIW(2i:Hl:T*i (132 
A^HB$.#BS^-s ) . ^5- • x^.— f 2 4 0 5-132 
B fcfefW>77 7?-7h'j7^Xl2 10 
f&f IZb SrlifKi:. #5-- 7-f^«3 3 0*»j« 
•tSXS{iHte0iJ2tfc(tl»*5- • 7 -f/I^JI2 3 0 
S»)jW-*ISJcS*tttSHtt-r6. «UL H3AT 
\til7-- 74)V? ■ h330a. 330b. 33 

0c<7)^7&«§tl5. 

[0 044] *M/y'XMI«7-- 7^/I^^Ji3 3 
OtWWiidJBjfti"*. -5-<7)*hL,i;xhJl{±x^ 
— 9-34 0 SJWW-i^^-VJBttW-S. 9-3. 
40Sr77 • vh«J y^X3 1 0«Ol»#±fc:ffiLL 

tt^-TSWi. X^— 9-3 4 0Ol8 : ^Lv^${±l^l 
0 miOJEffl-CJ> 0 . X^— 9" 3 4 0 «0«g{±lft»SJg 
2H-4H<7)Kfflt'$)S. *hUvXh<^«ipH±Pli.{f 
JSRtt* l f>!K5g$ilTV^|.OPTMER NN500 
XtiOPTMER NN7 00?>]:o%7'7VJl>mSgX 

[0045] H3Bt^|oT. WLW.<r>xmtmm2t 

m-X-bZ. t?-lr;l^li3 5 0t±^7- • 7 

330 ±izmm h . «am®3 7 0 iiiszg« 3 8 0 

±^»«-T5. m-S«3 0 0fcmZ£S3 8 0J45V> 
\Z WS^ L . {-ORKc^nS 3 7 0 1 X^— 9- 3 
4 0 m-a«3 0 0tmz^«3 8 0i:<OS 
<y>t/U • yr^illfflJiS^L. ?KaaA<0^i6iOP 
□ff (H3 BWl^ST) lii©tWiSSfUii< . 

[0046] nA»onniinii^^fli-sK3 o o 

ZS^3 8 0 bvmn-ttV ■ -/ TftlzOA LXltUk 

m36o&&mtz. fflummm-z. tft-lc 
[0047] mxizmm btzmm 3 izm k ryy? 

•W) -/9xmb1}7-- 7-f;l/^JiSrTFT»R^ 
^LTTFT (COT) ffitkiZfiy-- 7 <)\,9ZM 
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ft. *-Mfc*r*8£a*ffltS!:S. i^m 
ftAifcCBtW-saSUPflrv*. ft->T. COTHiili 

wet*. 

[0048] *«0±. Wirt h W x'X hTfllftLZ 
*±WHSLTLCD*«CUfc*ifcfcU ;<0J:3tL 

[0049] SUM 4 

04 A -04 D«**BBcO#* U4IQ)WMfCfgV*l 

mmizmtth mm?t> * . 

[0050] 04AiCj,-?T. ^7 7? ■ 
MA 1 0liTFTH»^±ffi(Cfflli«B-3HE4 0 0_L 
WWfcf*. 7*7 y 7 ■ VhU«/^^g410{±TFT 
TFTEB<BAIIIM$«^5;<*-y»#fc: 
L. *tf)JU=B!n*4 2 0 &HPS&4 2 0 

ti-bf ?-tr;MC*ti&r 5 . 777?-7hy -y 7XMA 
lOtt^oS^A/BMfc^nS^. *4fy«BXtty 

x®4 1 o iiM%m:imxi±w-ymifctfmtt 

[005 1] 04B£&->T. iJV- ■ 70V9MA3 

o\±77»/9 • 7h>j */9xmAio±.\zm&th. # 

y- 7^^14 3 0l±I<r^7-«0*7-- 7 4 
■ is-bVffim-l. &*y-- 7 <)V9 ■ is-h 
12® 0 \£9±A4B5BB0* 7- ■ 3 V h yX b £it 
3§Tf 5 £ft#fjP&4 2 0 tS^iJ-f * . 
[0052] tf^-b^m@4 4 0te*tl?tlZmn&A 

2 o cg*irti> i o Bffrtz . t ? -fe/um®4 4 o {is 

0HT£> S . f ?-br^mfii4 4 0 WHflttWittlMtf f 

i;*7m ( i to) mm. mmw§*x't 

•y 7 0 ynBJ&Lt&tiz* h V V7y7 < Sr&fflrtS £ 
[0 0 5 3] H4Cfc*oT. &mw&A7oimzM 

«4 8 o ±(aww-* . m~m.A 8 o owHawit* 
*amfi§4 7 ow*m*«iitfiM:w ywmx-b 

S. *am®4 7 0^fiSt^{iW^.tfX.y^>^*^ 

igLTfi^iT.i.xMV * y yrmx-b i . 

[ o o s 4 ] * h wjx hj§<i£«mffi4 7 o zmmt 

s x o mfiL-tz . -f-w* buifxb mux**— va s o 

^4 5 0tf)£Siil-l 0/-e 
mWEltfeS; t i L < . X^.— t4 5 OCD^Jg 
«2H-4H (ttSBK) <Offiffl£J>*C:i:*'#iL 

TU-50PTMER NN5 0 0X«OPTMER N 



N 7 0 0OJ: a 'J /l«X«tx,iMf 

[0055] S4Dtc^oT. ^-»g4ootm-a 

«4 8 0 {iav ^Tff tcfflAif . fflSEIfc t ^ -fe/us 

54 4 0 1 X^— If 4 5 0 MM"* . ^~S«4 0 0 t 
^ZS«4 8 0 fcflffltfHiA' • •y7-^fflllB{i^ 
U iSftaAWfcJftOHlPW (H4Dtl4S$-f ) {i® 

[0056] «A«fliieinff^^j»-ffiE4 0 0 1 m 

zs«4 8 o t<rm<r>-t)v • -/rmzmxtxm^ 
•4 6 0 mnmtmtth. tft-lc 

[0057] mzmm Ltzmm\A t,zm ^ . -y ^ 

■ -?YVv 7 xmtll 7- 7 OVtmZTF TW5L\iZ 
^LTTFT (COT)«3t±fc:#5-- 

ft. m-a«t^-a«ts-ffl^ftsfc^. sw^fi? 

[0058] mm i mz»<scii*)smx-f 

t. x^-^zmzomzmmicom-'mfrt** 
mmtomiM&iz® i.m^x. &-wfiLizmbhm 

&X7-~v7'<rm&%&-th. Sn n n #S*0^# 

<?)»a*®t *)tfm±-th. mz. H4Diciei8oifl* 

itxfy/^ro*^ - -7-r y K'Xii OS^^T* 
5. lAit^f'/r^rntx • <7-f yK^{±*«7l 0 
-2 0jLtmOMrc**.>*»L. *3. 5ttftLCD 
iOrn-lr^. • »7-<yH'7{±jl*Hc:^4~5Mm(7)KHT 

ft*\ **o{±fl(*Sit-«. 
[0 0 5 9] HSSCT5 

05 AH25C {i*i«BHcO»i L v ^£IStfiff9tcS!v m 

mbyyvxmikT < X7UJ zB&thmmmz 
mmzmmimmmxbh. 

[0060] 05Afc£>oT. 7*7-/^ • Thy-y^X 

55 1 O{iTFT085*±iBtcfflx^m-««i5 0 0± 

7~7'/7 ■ ~?Y X ) "S7XM5 1 OliTFT 
««fcTFTiaiK>*«W*l*«t*-'V->'»«fc: 

-e-tfos^n355 2 ozMfc-th. %mn®5 2 0 

«± 1 Vf-kfrfcttlB-tl . 7*7 y 7 • V h y >y 5 
10(i7-5-y?ffllg^ e J:3^»^-C* , 5. -frftJ? $J±#> 
0. l~6//m-C*S. 

[00 6 1 3 05BCA-OT, ftamfi5 7 0(im-a 
tS±5 8O±tC0fig-f5„ SrSS5 8 0cO«^«±fi-4i. 
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o uswrca o . «a«ffi5 7 ommMHmw 

[00 6 2] *hl^*XHfi±*jI«&5 7 OZffltt 
hXo . h 1/yX Mli*^— V 5 5 

0 Z&J&t I J: 3 A-^-y^t-rs . w • 4f+ v r 

1 0,um<7)&H£&|>,rt«*#£L<. ^_Hf 5 5o 
«N«Bi2H~4H (iBSaX) rtmtzbbZbim 
tl\\ *hV^^ffllimif JSR&^Bgg 
§*Vt^SOPTMER NN 5 0 OXiiOPTMER 

NN 7 0 0^)<J: 3=5:77 U^flgXJix^^HT 
Witf. ^•^-y^b^^{i*h , ;y^77 

[00 6 3] H5Cfc*->T. m-a«i5 0 0fc^ZS 
« 5 8 0 lii^CWClAit . *B£ISC&K& 5 

mL5 8 otmsMcA' ■ -?r commas u s 

[0064] ?ffi H a B S-llffigBPiai*>f.m-»K5 0 0 fcSS 
ZJHK5 8 0i:tf>IBtf)-fe4'- yTWc&Al/aKft 

«5 6ot«ww-s. mn«±a9M-s. TFT— LC 
[oo65] mx£.mwitzmm5£&\\ v? 

^LTtft (cot) m^kizAv-- youtzm 

fcth . mxnimtcmwT f TaaRi-cm*.* * 

<TJS>ittll8W6*iW«rv>. tot. COT*fifcjt 
[00 66] *<?>_t. *M/y'Xh • X^- tf"£Ef 5 



~2 0//m<0EHT'$>!>. U>U £3. 5ttftLC 
TfcS. tot. ftWWrWfc^ffiOtt^TtSC 
[0067] *^HBcOKHX{i^#*^jglK-f •& it* 

[BfifiOffiJlftftQ] 

[HI] ififeJ4*W»)ff*Lv^J|l-|»W(c*v^| 
[02] £ftfcli*jraaff*U«=3at0«c«t*it 

mhyyitzmfkT < z7\/4 iwm-hwmm* 

«««WIBW-*KiiiErc** . 
[04] £h6(&J^jF*U*amffllcftt*S 

WHflfcJMiW* EBfB0"C35> t . 
[05] £fr6ii*^tf**U4IE$diWfc:«v*» 

Bfffi0TS»S . 

[«F#WSiBB3 
10 0. 

1 10. 7*5>y? • VhU-y^Xl 
120. PHDff 

13 0. ijv-- ?4)V?m 

14 0. tf?-fe/Hffi 

150. x^-+r 

16 0. «AV 
180. S&Z»g. 
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LIQUID CRYSTAL DISPLAY STRUCTURES AND METHODS OF 
FORMING THE SAME 

2 Claims 

1. A liquid crystal display, comprising: 

a black matrix layer on a first substrate having a control circuit thereon, and a 
plurality of openings in the black matrix layer to expose the first substrate; 

a color filter layer on the black matrix layer, which is composed of a plurality of 
color filter sheets respectively aligning with each opening; 

a pixel electrode layer on the color filter sheets, which is composed of a plurality 
of pixel electrodes respectively aligning with each color filter sheet; 

a plurality of photoresist spacers on the pixel electrode layer, which are located 
on portions of areas covered by the black matrix layer; 

a liquid crystal layer on the pixel electrode layer, which fill space among the 
photoresist spacers; 

a common electrode on the liquid crystal layer and the photoresist spacers; and 
a second substrate on the common electrode. 

2. The liquid crystal display of Claim 1, wherein a color of the color filter sheets 
is red, green or blue. 

3. The liquid crystal display of Claim 1, wherein a material of the pixel 
electrodes comprises indium tin oxide. 

4. The liquid crystal display of Claim 1, wherein a material of the common 
electrode comprises indium tin oxide. 
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5. The liquid crystal display of Claim I, wherein a hardness of the photoresist 
spacers is about 2H to about 4H. 

6. The liquid crystal display of Claim 1, wherein a height of the photoresist 
spacers is about 1 to about 10 um. 

7. The liquid crystal display of Claim 1, wherein a material of the photoresist 
spacer comprises acrylic resin. 

8. The liquid crystal display of Claim I, wherein a material of the photoresist 
spacer comprises epoxy-resin. 

9. A method of forming a liquid crystal, the method comprises: 

forming a black matrix layer on a first substrate having a control circuit thereon; 
forming a plurality of openings in the black matrix layer to expose the first 
substrate; 

forming a color filter layer on the black matrix layer; 

forming a plurality of pixel electrodes on the color filter to respectively align 
with each of the openings; 

forming a plurality of photoresist spacers on the first substrate to be located on 
portions of areas covered by the black matrix; 

parallel assembling the first substrate and a second substrate having a common 
electrode thereon, wherein the photoresist spacers and the common electrode are 
between the first substrate and the second substrate; and 
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forming a liquid crystal layer between the first substrate and the second 
substrate. 

10. The method of Claim 9, wherein a method of forming the photoresist spacers 
comprises: 

forming a photoresist layer covering the pixel electrodes; and 
patterning the photoresist layer to form the photoresist spacers. 

11. The method of Claim 10, wherein the patterning method comprises 
exposure-developing. 

12. The method of Claim 10, wherein the patterning method comprises 
exposure-etching. 

13. The method of Claim 9, wherein a hardness of a material used to form the 
photoresist spacers is about 2H to about 4H. 

14. The method of Claim 9, wherein a height of the photoresist spacers is about 
1 to about 10 urn. 

15. The method of Claim 9, wherein a material used to form the photoresist 
spacers comprises acrylic resin. 
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16. The method of Claim 9, wherein a material used to form the photoresist 
spacers comprises epoxy-resin. 

1 7. A method of forming a liquid crystal display, the method comprising: 
forming a black matrix layer on a first substrate having a control circuit thereon; 
forming a plurality of openings in the black matrix layer to expose the first 

substrate; 

forming a color filter layer on the black matrix layer, 

forming a plurality of pixel electrodes on the color filter layer to respectively 
align with each of the openings; 

forming a plurality of photoresist spacers on a second substrate having a 
common electrode thereon; 

parallel assembling the first substrate and the second substrate, wherein the 
photoresist spacers and the pixel electrodes are between the first substrate and the 
second substrate; and 

forming a liquid crystal layer between the first substrate and the second 
substrate. 

18. The method of Claim 17, wherein a method of forming the photoresist 
spacers comprises: 

forming a photoresist layer covering the common electrode; and 
patterning the photoresist layer to form the photoresist spacers. 
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19. The method of Claim 18, wherein the patterning method comprises 
exposure-developing. 

20. The method of Claim 18, wherein the patterning method comprises 
exposure-etching. 

21. The method of Claim 17, wherein a hardness of a material used to form the 
photoresist spacers is about 2H to about 4H. 

22. The method of Claim 17, wherein a height of the photoresist spacers is about 
1 to about 10 urn. 

23. The method of Claim 17, wherein a material used to form the photoresist 
spacers comprises acrylic resin. 

24. The method of Claim 17, wherein a material used to form the photoresist 
spacers comprises epoxy-resin. 

25. A liquid crystal display, comprising: 

a first substrate having a control circuit thereon; 

a black matrix layer on the first substrate, and a plurality of openings located 
therein; 

a color filter layer on the black matrix layer, which is composed of a plurality of 
color filter sheets respectively aligning with each opening; 
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a plurality of photoresist spacers on the color filter, which are located on 
portions of areas covered by the black matrix; 

a plurality of pixel electrodes respectively on each of the color filter sheets, of 
which a height is lower than a height of the photoresist spacers; 

a liquid crystal layer on the pixel electrodes, which fill space among the 
photoresist spacers; 

a common electrode on the liquid crystal layer and the photoresist spacers; and 
a second substrate on the common electrode. 

26. The liquid crystal display of Claim 25, wherein a color of the color filter 
sheets is red, green or blue. 

27. The liquid crystal display of Claim 25, wherein a material of the pixel 
electrodes comprises indium tin oxide. 

28. The liquid crystal display of Claim 25, wherein a material of the common 
electrode comprises indium tin oxide. 

29. The method of Claim 25, wherein a hardness of a material used to form the 
photoresist spacers is about 2H to about 4H. 

30. The liquid crystal display of Claim 25, wherein a height of the photoresist 
spacers is about I to about 10 urn. 
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31. The liquid crystal display of Claim 25, wherein a material of the photoresist 
spacers comprises acrylic resin. 

32. The liquid crystal display of Claim 25, wherein a material of the photoresist 
spacers comprises epoxy-resin. 

33. The liquid crystal display of Claim 25, wherein the photoresist spacers 
comprise color photoresist spacers. 

34. The liquid crystal display of Claim 25, wherein the photoresist spacers are 
composed of a plurality of stacked color photoresist. 

35. A method of forming a liquid crystal display, comprising: 

forming a black matrix layer on a first substrate having a control circuit thereon; 
forming a plurality of openings in the black matrix layer to expose the first 
substrate; 

forming a color filter layer on the black matrix layer; 

forming a plurality of photoresist spacers on portions of areas covered by the 
black matrix layer; 

forming a plurality of pixel electrodes on the color filter layer to respecrively 
align with each of the openings; 

parallel assembling the first substrate and a second substrate having a common 
electrode thereon, wherein the photoresist spacers and the common electrode are 
between the first substrate and the second substrate; and 



(24) 32 002-55350 (P2002-55 35 



forming a liquid crystal layer between the first substrate and the second 
substrate. 

36. The method of Claim 35, wherein a method of forming the photoresist 
spacers comprises: 

forming a photoresist layer covering the color filter layer, and 
patterning the photoresist layer to form the photoresist spacers. 

37. The method of Claim 36, wherein the patterning method comprises 
exposure-developing. 

38. The method of Claim 36, wherein the patterning method comprises 
exposure-etching. 

39. The method of Claim 35, wherein a hardness of a material used to form the 
photoresist spacers is about 2H to about 4H. 

40. The method of Claim 35, wherein a height of the photoresist spacers is about 
1 to about 10 um. 

41. The method of Claim 35, wherein a method of fonrung the pixel electrodes 
comprising: 

forming a transparent conductive layer on the color filter layer and the 
photoresist spacers; and 
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removing portions of the transparent conductive layer on the photoresist spacers. 

42. The method of Claim 41, wherein the removal method comprises 
photolithography-etching. 

43. A method of forming a liquid crystal display, comprising: 

forming a black matrix layer on a first substrate having a control circuit thereon; 
forming a plurality of first, second and third openings in the black matrix layer 
to expose the first substrate; 

forming a first color photoresist on the first substrate; 

patterning the first color photoresist to form a plurality of first filter sheets 
respectively aligning with each of the first openings and a plurality of first spacers 
located on portions of areas covered by the black matrix; 

forming a second color photoresist on the first substrate; 

patterning the second color photoresist to form a plurality of second filter sheets 
respectively aligning with each of the second openings and a plurality of second spacers 
respectively stacking on the first spacers; 

forming a third color photoresist on the first substrate; 

patterning the third color photoresist to form a plurality of third filter sheets 
respectively aligning with each of the third openings and a plurality of third spacers 
respectively stacking on the second spacers; 

forming a plurality of pixel electrodes respectively on the first, second and third 
filter sheets; 
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parallel assembling the first substrate and a second substrate having a common 
electrode thereon, wherein the photoresist spacers and the common electrode are 
between the first substrate and the second substrate; and 

forming a liquid crystal layer between the fust substrate and the second 
substrate. 

44. The method of Claim 43, wherein a method of forming the pixel electrodes 
comprising: 

forming a transparent conductive layer on the first, second and third filter sheets 
and the third spacers; and 

removing portions of the transparent conductive layer on the third spacers. 

45. The method of Claim 44, wherein the removal method comprises 
photolithography^ching. 

46. A liquid crystal display, comprising: 

a first substrate having a control circuit thereon; 

a color filter layers on the first substrate, which are composed of a plurality of 
color filter sheets; 

a plurality of pixel electrodes respectively aligning with each of the color filter 

sheets; 

a black matrix layer on the pixel electrodes, which are located around the pixel 
electrodes; 

a plurality of photoresist spacers on portions of the black matrix layer; 
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a liquid crystal layer on the pixel electrodes and the black matrix layer, which 
fill space among the photoresist spacers; 

a common electrode on the liquid crystal layer and the photoresist spacers; and 
a second substrate on the common electrode. 

47. The liquid crystal display of Claim 46, wherein a color of the color filter 
sheets is red, green or blue. 

48. The liquid crystal display of Claim 46, wherein a material of the pixel 
electrodes comprises indium tin oxide. 

49. The liquid crystal display of Claim 46, wherein a material of the common 
electrode comprises indium tin oxide. 

50. The liquid crystal display of Claim 46, wherein a hardness of the photoresist 
spacers is about 2H to about 4H. 

51. The liquid crystal display of Claim 46, wherein a height of the photoresist 
spacers is about I to about 10 \xm. 

52. The liquid crystal display of Claim 46, wherein a material of the photoresist 
spacer comprises acrylic resin. 
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53. The liquid crystal display of Claim 46, wherein a material of the photoresist 
spacer comprises epoxy-resin. 

54. The liquid crystal display of Claim 46, wherein a height of the black matrix 
is about 0.1 to 6 jxm. 

55. A method of forming a liquid crystal display, comprising: 

forming a color filter layer on a first substrate having a control circuit thereon, 
which is composed of a plurality of color filter sheets; 

forming a plurality of pixel electrodes on the color filter sheets, which 
respectively align with each of the color filter sheets; 

forming a black matrix layer on the pixel electrodes, which are located around 
the pixel electrodes; 

forming a plurality of photoresist spacers on a second substrate having a 
common electrode thereon; 

parallel assembling the first substrate and die second substrate, wherein the 
photoresist spacers and the black matrix arc between the first substrate and the second 
substrate and are aligned with each other; and 

forming a liquid crystal layer between the first substrate and the second 
substrate. 

56. The method of Claim 55, wherein method of forming the photoresist spacers 
comprises: 

forming a photoresist layer covering the common electrode; and 
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patterning the photoresist layer to form the photoresist spacers. 

57. The method of Claim 56, wherein the patterning method comprises 
exposure-developing. 

58. The method of Claim 56, wherein the patterning method comprises 
exposure-etching. 

59. The method of Claim 55, wherein a hardness of a material used to form the 
photoresist spacers is about 2H to about 4H. 

60. The method of Claim 55, wherein a height of the photoresist spacers is about 
1 to about 10 una. 

61. The liquid crystal display of Claim 55, wherein a material used to form the 
photoresist spacer comprises acrylic resin. 

62. The liquid crystal display of Claim 55, wherein a material used to form the 
photoresist spacer comprises epoxy-resin. 

63. The liquid crystal display of Claim 55, wherein a height of the black matrix 
is about 0.1 to6|im. 



3 Dctii led Description of Invention 
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BACKGROUND OF THE INVENTION 

Field of Invention 

The present invention relates to liquid crystal display (LCD) structures and 
methods of forming them. More particularly, the present invention relates to LCD 
structures of integrating a black matrix and a color filter into a substrate having a 
control circuit thereon and methods of forming the same. 

Description of Related Art 

Liquid crystal display (LCD) has many advantages over other conventional types 
of displays including high picture quality, small volume occupation, lightweight, low 
voltage driven and low power consumption. Hence, LCD is widely used in small 
portable televisions, mobile telephones, video recording units, notebook computers, 
desktop monitors, projector televisions and so on. LCD gradually replaces 
conventional cathode ray tube (CRT) as a mainstream display unit. 

The main part of LCD is liquid crystal (LC) unit composed of two parallel 
transparent substrates and LC sealed therein. The mainstream of the LCD is thin film 
transistor (TFT) LCD. The fabrication processes of a TFT-LCD can be divided into 
four parts: TFT array process, color filter (CF) process, LC cell assembly process, liquid 
crystal module (LCM) process. 

The TFT array process is used to fabricate a TFT substrate. Each TFT 
respectively aligns with one pixel electrode. The CF process is used to fabricate color 
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filter substrate. A color filter layer composed of different color filter sheet is on the 
color filter substrate, and a black matrix layer surrounds each color filter sheet. 

The LC cell assembly process is used to parallel assembles TFT substrate and 
CF substrate, and bead spacers spread between them to maintain a fixed distance, i.e. 
cell gap, between TFT substrate and CF substrate. LC is injected into the cell gap then 
the injection opening is sealed. Basically, each pixel electrode is respectively 
corresponding to one color filter sheet, and the black matrix layer covers on TFTs and 
metal lines that connect different TFT. 

The LCM process is used to attach a polarizer to a panel, and electrically connect 
driver IC and panel circuit. Then a reflector and a back-light are assembled on the 
panel. After a bum-in step, the LCM process is finished. 

Generally speaking, the direction of liquid crystal molecule axes, which are 
controlled by TFT, determines whether each pixel is pervious to light or not. The 
color of each pixel is determined by the color of color filter sheet. For example, when 
light passes through a red color filter sheet, a red spot is shown on die panel. Mixing 
red, green and blue colors can show full-color images. 

Since the molecular axes of liquid crystal molecules, which are between pixel 
electrodes and color filter sheets, have to be controlled precisely, the color filter and the 
TFT substrate must be aligned precisely. The tolerable error of alignment is only 
within several micron meters. 

The heat coefficients of color filter substrate and TFT substrate are different, 
hence the precise alignment of pixel electrodes and color filter sheets is hard to achieve. 
Decreasing the product yield and increasing the production cost are caused by this 
problem. With growing size of substrates, the problem is getting serious. Therefore, 
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light leakage and coin mura on panel is produced. But for increasing the size of black 
matrix to increase the alignment precision, the color contrast and brightness of LCD is 
decreased. 

Another problem is the random distribution of bead spacers. The bead spacers 
may block some of the pixel area. Hence the aperture ratio of LCD is decreased. For 
smaller pixel area or for high-resolution panel, the problem is more serious. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a liquid crystal display structure, 
wherein a black matrix and a color filter layer both are on a control circuit substrate and 
pixel electrodes are on the color filter layer to increase the align preciseness of the color 
filter layer and the pixel electrodes. Besides, photoresist spacers are used to replace 
the conventional bead spacers to increase the brightness and color contrast of a liquid 
crystal display. 

The liquid crystal display structure comprises a first substrate having a control 
circuit on it, and a black niatrix layer, a color filter layer, a pixel electrode layer, a 
plurality of photoresist spacers, a liquid crystal layer, a common electrode and a second 
substrate are in turn on it 

A plurality of openings are in the black matrix layer to expose the first substrate. 
The color filter layer is composed of a plurality of color filter sheets aligning with each 
opening. Each pixel electrode aligns with each color filter sheet. The photoresist 
spacers are located on portions of areas covered by the black matrix, and their hardness 
is preferred to be about 2H to about 4H and their height is preferred to be about 1 to 
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about 10 um. The photoresist spacers also can be composed of multi-layered color 
photoresist. 

Another object of the invention is to provide methods of forming a liquid crystal 
display to increase alignment preciseness between color filter sheets and pixel 
electrodes, and photoresist spacers are used to replace conventional bead spacers. 

Accordingly, in an embodiment, a black matrix layer is formed on a first 
substrate having a control circuit thereon. A plurality of openings are formed in the 
black matrix layer to expose the first substrate. A color filter layer is formed on the 
black matrix layer. A plurality of pixel electrodes are formed on the color filter to 
align with each of the openings. A plurality of photoresist spacers are formed on the 
first substrate to be located on portions of areas covered by the black matrix. The first 
substrate and a second substrate having a common electrode thereon are parallel 
assembled, wherein the photoresist spacers and the common electrode are between the 
first substrate and the second substrate. A liquid crystal layer is formed between the 
first substrate and the second substrate. The order of the step of forming the 
photoresist spacers and the step of the pixel electrodes can be exchanged. 

In another embodiment, a black matrix layer is formed on a first substrate having 
a control circuit thereon, A plurality of openings are formed in the black matrix layer 
to expose the first substrate. A color filter layer is formed on the black matrix layer. 
A plurality of pixel electrodes are formed on the color filter layer to align with each of 
the openings. A plurality of photoresist spacers are formed on a second substrate 
having a common electrode thereon, the first substrate and the second substrate are 
parallel assembled, wherein the photoresist spacers and the pixel electrodes are between 
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the first substrate and the second substrate. A liquid crystal layer is formed between 
the first substrate and the second substrate. 

A further object of this invention is to provide a method of forming a liquid 
crystal display, wherein multi-layered color photoresist are stacked to form photoresist 
spacers. 

In this embodiment, a black matrix layer is formed on a first substrate having a 
control circuit thereon. A plurality of first, second and third openings are formed in 
the black matrix Layer to expose the first substrate, A first color photoresist is formed 
on the first substrate. The first color photoresist is patterned to form a plurality of first 
filter sheets aligning with each of the first openings and a plurality of first spacers 
located on portions of areas covered by the black matrix. A second color photoresist is 
formed on the first substrate. The second color photoresist is patterned to form a 
plurality of second filter sheets aligning with each of the second openings and a 
plurality of second spacers overlapping with the first spacers. A third color photoresist 
is formed on the first substrate. The third color photoresist is patterned to form a 
plurality of third filter sheets aligning with each of the third openings and a plurality of 
third spacers overlapping with the second spacers. A plurality of pixel electrodes are 
respectively formed on the first, second and third filter sheets. The first substrate and a 
second substrate having a common electrode thereon are parallel assembled, wherein 
the photoresist spacers and the common electrode are between the first substrate and the 
second substrate. A liquid crystal layer is formed between the first substrate and the 
second substrate. 

As embodied and broadly described herein, the invention provides liquid crystal 
structures and methods of forming the same, wherein the black matrix and the color 
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filter are moved from the color substrate to the control circuit substrate. Since the 
alignment preciseness is mostly controlled by photolithography, the alignment error can 
be greatly reduced to below micron meter. Moreover, the photoresist spacers are 
located on portions of areas covered by the black matrix, the brightness and the color 
contrast of the liquid crystal display can be highly raised. Beside, the color photoresist 
is also used to form spacers, the production cost can be largely reduced and the 
production yield can be largely promoted. 

It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiment 1 

Figs. IA - ID are cross-sectional views schematically illustrating a fabrication 
process for fbnning a thin film transistor liquid crystal display according to a first 
preferred embodiment of this invention. 

In Fig. 1 A, a black matrix layer 1 10 is formed on a 6rst substrate 100 having a 
TFT circuit thereon. The black matrix layer 1 10 is patterned to cover TFTs and metal 
lines of the TFT circuit and openings 120 are formed therein. Each opening 120 is 
corresponding to a pixel. The black matrix layer 110 is a material such as 
chrormura/chromium oxide, oxy-resin or black resin. The black matrix layer 1 10 is 
formed by a method such as physical vapor deposition or coating followed by 
patterning. 
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In Fig. IB, a color filter layer 1 30 is formed on the black matrix layer 110. The 
color filter layer 130 is composed of color filter sheets 130a, 130b and 130c of various 
colors. Each color filter sheet 130a, 130b and 130c aligns with each opening 120 to 
increase the color contrast between adjacent pixels. 

In Fig. 1C, pixel electrodes 140 are formed to respectively align with each 
opening 120. Pixel electrodes 140 are transparent For example, a material of pixel 
electrodes 140 is indium tin oxide (ITO). For example, sputtering a transparent 
conductive layer then followed by photolithography forms the pixel electrodes 140. 

A photoresist layer is formed to cover pixel electrodes 140. The photoresist 
layer is patterned to form spacers 150 on portions of black matrix 1 10 to maximize the 
aperture ratio. The height of spacers 150 is preferred to be 1 - 10 pun, and the 
hardness of spacers 150 is preferred to be 2H - 4H to maintain a constant value of the 
cell gap. A material of the photoresist layer is, for example, acrylic resin or epoxy- 
resin such as OPTMER NN 500 or OPTMER NN700 sold by JSR Company. For 
example, the patterning method comprises photolithography or exposure followed by 



In Fig. ID, a common electrode 170 is formed on a second substrate 180. A 
material of the second substrate 180 is, for example, glass or quartz. The common 
electrode 1 70 is transparent, and a material of the common electrode 1 70 is, for example, 
indium tin oxide. The formation method of the common electrode 170 is, for example, 
sputtering followed by etching. 

The first substrate 100 and the second substrate 180 are parallel assembled 
together, and the common electrode 170 and the spacers 150 are located between them. 
The lateral side of the cell gap between the first substrate 100 and the second substrate 
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180 is sealed except reserving an opening (not shown in the Fig. ID) for liquid crystal 
injecting. 

Liquid crystal is injected into the cell gap from the lateral opening to form a 
liquid crystal layer 160. The opening is sealed. The process of manufacturing TFT- 
LCD is completed. 

From embodiment 1 described above, the black matrix and the color filter layer 
are moved to TFT substrate to form a color filter on TFT (COT) structure. Because all 
precise alignments are done on the TFT substrate, no alignment considerations are 
needed when the first substrate and the second substrate are assembled. Hence the 
COT structure can largely increase the production yield; moreover, it can be applied on 
the production techniques of fourth generation or above. 

Besides, the spacers are composed of photoresist, hence the position of spacers 
can be defined on black matrix to increase the aperture ratio of LCD and thus the 
brightness and color contrast of LCD. 

Fmhnrfiment 7 

Figs. 2A - 2D are cross-sectional views schematically illustrating a fabrication 
process for forming a thin film transistor liquid crystal display according to a second 
preferred embodiment of this invention. 

In Fig. 2A, a black matrix layer 210 is formed on a first substrate 200 having a 
TFT circuit thereon. The black matrix layer 210 is patterned to cover TFTs and metal 
lines of the TFT circuit and openings 220 are formed therein. Each opening 220 is 
corresponding to a pixel. The black matrix layer 210 is a material such as 
chromium/chromium oxide, oxy-resin or black resin. The black matrix layer 210 is 
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formed by a method such as physical vapor deposition or coating then followed by 
patterning. 

In Fig. 2B, a color filter layer 230 is formed on the black matrix layer 210. The 
color filter layer 230 is composed of color filter sheets 230a, 230b and 230c of various 
colors such as red, green and blue for full-colors LCD. Each color filter sheet 230a, 
230b and 230c aligns with each opening 220 to increase the color contrast between 
adjacent pixel. First color spacers 230a\ second color spacers 230b' and third color 
spacers 230c' are stacked on portions of black matrix 210 to form color spacers 240. 
The process is described as below. 

A first color photoresist layer is formed on the first substrate 200. The first 
color photoresist layer is patterned to simultaneously form first color filter sheets 230a 
located on portions of openings 220 and first color spacers 230a' on portions of the 
black matrix 210. Similarly, a second color filter layer is formed on the first substrate 
200. The second color photoresist layer is patterned to simultaneously form second 
color filter sheets 230b located on another portions of openings 220 and second color 
spacers 230b* on first color spacers 230a*. Finally, a third color filter layer is formed 
on the first substrate 200. The third color photoresist layer is patterned to 
simultaneously form third color filter sheets 230c located on rest of orjenings 220 and 
third color spacers 230c* on second color spacers 230b'. Hence the first color spacers 
230a\ the second color spacers 230b* and the third color spacers 230c' are stacked to 
form the color spacers 240 on portions of black matrix 210. 

In Fig. 2C, pixel electrodes 250 are respectively formed on color filter sheets 
230a, 230b and 230c. A material of pixel electrodes 250 is, for example, indium tin 
oxide. A formation method of pixel electrodes 250 comprises steps as follow. A 
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conformal transparent conductive layer is deposited on the color filter layer 320 and 
color spacers 240. A patterned photoresist layer is formed on the conductive layer to 
cover portions of conductive layer on color filter sheets 230a, 230b and 230c. The 
exposed portions of the conductive layer are removed to form pixel electrodes 250. 
The patterned photoresist layer is subsequently removed. A removal method of the 
conductive layer is, for example, wet etching. 

In Fig. 2D, a common electrode 270 is formed on a second substrate 280. A 
material of the second substrate 230 is, for example, glass or quartz. The common 
electrode 270 is transparent, and a material of the common electrode 270 is, for example, 
indium tin oxide. The formation method of the common electrode 270 is, for example, 
sputtering. 

The first substrate 200 and the second substrate 280 are parallel assembled 
together, and the common electrode 270 and the spacers 250 are located between them. 
The lateral side of the cell gap between the first substrate 200 and the second substrate 
280 is sealed except reserving an opening (not shown in the Fig. 2D) for liquid crystal 
injecting. 

Liquid crystal is injected into the cell gap between the first substrate 200 and the 
second substrate 280 from the lateral opening to form a liquid crystal layer 260. The 
opening is sealed The process of manufacturing TFT-LCD is completed 

From embodiment 2 described above, the black matrix and the color filter layer 
are moved to TFT substrate to form a color filter on TFT (COT) structure. Because all 
precise alignments are done on the TFT substrate, no alignment considerations are 
needed when the first substrate and the second substrate are assembled. Hence the 
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COT structure can largely increase the production yield; moreover, it can be applied on 
the production techniques of fourth generation or above. 

In Embodiment 2, the color filter layer and color spacers are simultaneously 
formed, hence the step of forming spacers can be omitted to reduce production cost and 
increase production yield. Besides, the color spacers are located on black matrix to 
maximize the aperture ratio. Therefore, the brightness and contrast of LCD can be 
largely increased. 

Embodiment 3 

Figs. 3A - 3B are cross-sectional views schematicaily illustrating a fabrication 
process for forming a thin film transistor liquid crystal display according to a third 
preferred embodiment of this invention. Photoresist spacers here replace the color 
spacers in embodiment 2. 

In Fig. 3 A, the process of forming a black matrix layer 310 is as same as 
Embodiment 2 (Please refer to the illustration of Fig. 2A). Without forming color 
spacers 240 on portions of the black matrix layer 210 in Fig. 28, the process of forming 
a color filter layer 330 is basically similar to the process of forming the color filter layer 
230 in Embodiment 2. Hence only color filter sheets 330a, 330b and 330c are formed 
in Fig. 3A. 

A photoresist layer is formed to cove the color filter layer 330. The photoresist 
layer is patterned to form spacers 340. Spacers 340 are located on portions of black 
matrix 310 to maximize the aperture ratio of LCD. The preferred height of spacers 
340 is I - 10 tun, and a preferred hardness of spacers 340 is 2H - 4H in pencil hardness 
to maintain a constant value of cell gap. A material of the photoresist is, for example, 
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acrylic resin or epoxy resin such as OPTMER NN 500 or OPTMER NN700 sold by JSR 
Company. For example, the patterning method comprises photolithography or 
exposure followed by etching. 

In Fig. 3B, the subsequent process is as same as Embodiment 2. Pixel 
electrodes 350 are formed on the color filter layer 330. A common electrode 370 is 
formed on a second substrate 380. The first substrate 300 and the second substrate 380 
are parallel bound together, and the common electrode . 370 and the spacers 340 are 
located between them. The lateral side of the ceil gap between the first substrate 300 
and the second substrate 380 is sealed except reserving an opening (not shown in the 
Fig. 3B) for liquid crystal injecting. 

Liquid crystal is injected into the cell gap between the first substrate 300 and the 
second substrate 380 from the lateral opening to form a liquid crystal layer 360. The 
opening is sealed. The process of manufacturing TFT-LCD is completed. 

From embodiment 3 described above, the black matrix layer and the color filter 
layer are moved to TFT substrate to form a color filter on TFT (COT) structure. 
Because all precise alignments are done on die TFT substrate, no alignment 
considerations are needed when the first substrate and the second substrate are 
assembled Hence the COT structure can largely increase the product yield; moreover, 
it can be applied on the production techniques of fourth generation or above. 

Besides, the spacers are composed of photoresist, hence the position of spacers 
can be defined on the black matrix layer to increase the aperture ratio of LCD and thus 
the brightness and color contrast of LCD. 
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Frnhnrfiment 4 

Figs. 4A - 4D are cross-sectional views schematically illustrating a fabrication 
process for forming a thin film transistor liquid crystal display according to a fourth 
preferred embodiment of this invention. 

In Fig. 4 A, a black matrix layer 410 is formed on a first substrate 400 having a 
TFT circuit thereon. The black matrix layer 41 0 is patterned to cover TFTs and metal 
lines of the TFT circuit and openings 420 are formed therein. Each opening 420 is 
corresponding to a pixel. The black matrix layer 410 is a material such as 
chromium/chromium oxide, oxy- resin or black resin. The black matrix layer 410 is 
formed by a method such as physical vapor deposition or coating then followed by 
patterning. 

In Fig. 4B, a color filter layer 430 is formed on the black matrix layer 410. The 
color filter layer 430 is composed of color filter sheets 430a, 430b and 430c of various 
colors. Each color filter sheet 430a, 430b and 430c aligns with each opening 420 to 
increase the color contrast between adjacent pixels. 

Pixel electrodes 440 are formed to align with each opening 420 respectively. 
Pixel electrodes 440 are transparent For example, a material of pixel electrodes 440 is 
indium tin oxide (ITO). For example, sputtering a transparent conductive layer then 
followed by photolithography forms the pixel electrodes 440. 

In Fig. 4C, a common electrode 470 is formed on a second substrate 480. A 
material of the second substrate 480 is, for example, glass or quartz. The common 
electrode 470 is transparent, and a material of the common electrode 470 is, for example, 
indium tin oxide. The formation method of the common electrode 470 is, for example, 
sputtering. 
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A photoresist layer is formed to cover common electrode 470. The photoresist 
layer is patterned to form spacers 450. The height of spacers 450 is preferred to be 1 - 
10 ^m, and the hardness of spacers 450 is preferred to be 2H - 4H (pencil hardness) to 
maintain a constant value of the cell gap. A material of the photoresist is, for example, 
acrylic resin or epoxy resin such as OPTMER NN 500 or OPTMER NN700 sold by JSR 
Company. For example, the patterning method comprises photolithography or 
exposure followed by etching. 

In Fig. 4D, the first substrate 400 and the second substrate 480 are parallel bound 
together, and the pixel electrodes 440 and the spacers 450 are located between them. 
The lateral side of the cell gap between the first substrate 400 and the second substrate 
480 is sealed except reserving an opening (not shown in the Fig. 4D) for liquid crystal 
injecting. 

Liquid crystal is injected into the cell gap between the first substrate 400 and the 
second substrate 480 from the lateral opening to form a liquid crystal layer 460. The 
opening is sealed. The process of manufacturing TFT-LCD is completed. 

From embodiment 4 described above, the black matrix and the color filter layer 
are moved to TFT substrate to form a color filter on TFT (COT) structure. Because all 
precise alignments are done on the TFT substrate, no alignment considerations are 
needed when the first substrate and the second substrate are assembled. Hence the 
COT structure can largely increase the production yield; moreover, it can be applied on 
the production techniques of fourth generation or above. 

In Embodiment 1, The fabrication steps number on the second substrate is less 
than the fabrication steps number on the first substrate. Hence the locations of spacers 
are moved from the first substrate in Embodiment 1 to the second substrate in this 
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Embodiment, and the fabrication steps number on the first substrate is thus decreased 
Also, the burden of production yield is transferred from the first substrate to the second 
substrate to increase the production yield of the first substrate. Besides, the process 
window of the assembly step in Fig. 4D is looser. The process window of the 
assembly step is about 10 - 20 um. However, the process window of the 3.5* 
generation of LCD is only about 4-5 ym. Therefore the final production yield is still 
remained or even increased. 

Fmhndimenr 5 

Figs. 5 A - 5C are cross-sectional views schematically illustrating a fabrication 
process for forming a thin film transistor liquid crystal display according to a fifth 
preferred embodiment of this invention 

In Fig. 5 A, a black matrix layer 510 is formed on a first substrate 500 having a 
TFT circuit thereon. The black matrix layer 510 is patterned to cover TFTs and metal 
lines of the TFT circuit and openings 520 are formed therein. Each opening 520 is 
corresponding to a pixel. The black matrix layer 510 is a material such as black resin, 
and its thickness is about 0.1-6 um. 

In Fig. 5B, a common electrode 570 is formed on a second substrate 580. A 
material of the second substrate 580 is preferred to be, for example, glass or quartz. 
The common electrode 570 is transparent, and a material of the common electrode 570 
is, for example, indium tin oxide. The formation method of the common electrode 570 
is, for example, sputtering. 

A photoresist layer is formed to cover the common electrode 570. The 
photoresist layer is patterned to form spacers 550. The height of spacers 550 is 
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preferred to be 1 - 10 pm, and the hardness of spacers 550 is preferred to be 2H - 4H 
(pencil hardness) to maintain a constant value of the cell gap. A material of the 
photoresist is, for example, acrylic resin or epoxy resin such as OPTMER NN 500 or 
OPTMER NN700 sold by JSR Company. For example, the patterning method 
comprises photolithography or exposure followed by etching. 

In Fig. 5C, the first substrate 500 and the second substrate 580 are parallel 
assembled together, and the pixel electrodes 540 and the spacers 550 are located 
between them. The lateral side of the cell gap between die first substrate 500 and the 
second substrate 580 is sealed except reserving an opening (not shown in the Fig.5C) 
for liquid crystal injecting. 

Liquid crystal is injected into the cell gap between the first substrate 500 and the 
second substrate 580 from the lateral opening to form a liquid crystal layer 560. The 
opening is sealed. The process of manufacturing TFT-LCD is completed. 

From embodiment 5 described above, the black matrix and the color filter layer 
are moved to TFT substrate to form a color filter on TFT (COT) structure. Because all 
precise alignments are done on the TFT substrate, no alignment considerations are 
needed when the first substrate and the second substrate are assembled. Hence the 
COT structure can largely increase the production yield; moreover, it can be applied on 
the production techniques of fourth generation or above. 

Besides, the locations of photoresist spacers are also moved from the first 
substrate to the second substrate as Embodiment 4 to reduce the production yield burden 
of the first substrate. The process window of the assembly step is about 10 - 20 urn. 
However, the process window of the 3.5 th generation of LCD is only about 4 - 5 urn. 
Therefore the final production yield is still remained or even increased 

It will be apparent to those skilled in the art that various modifications and 
variations can be made to the structure of the present invention without departing from 
the scope or spirit of the invention. In view of the foregoing, it is intended that the 
present invention cover modifications and variations of this invention provided they fall 
within the scope of the following claims and their equivalents. 
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4 Brief Description of Drawings 

The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. In the drawings. 

Figs. 1A - ID are cross-sectional views schematically illustrating a fabrication 
process for forming a thin film transistor liquid crystal display according to a first 
preferred embodiment of this invention; 

Figs. 2A - 2D are cross-sectional views schematically illustrating a fabrication 
process for forming a thin film transistor liquid crystal display according to a second 
preferred embodiment of this invention; 

Figs. 3A - 3B are cross-sectional views schematically illustrating a fabrication 
process for forming a thin film transistor liquid crystal display according to a third 
preferred embodiment of this invention; 

Figs, 4A - 4D are cross-sectional views schematically illustrating a fabrication 
process for forming a thin film transistor liquid crystal display according to a fourth 
preferred embodiment of this invention; and 

Figs. 5A - 5C are cross-sectional views schematically illustrating a fabrication 
process for forming a thin film transistor liquid crystal display according to a fifth 
preferred embodiment of mis invention. 
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1 Abstract 

Liquid crystal display (LCD) structures and methods for forming the same. 
The black matrix and the color filter layer of the LCD are moved from color filter 
substrate to TFT substrate to form a color filter on TFT (COT) structure. Besides, the 
spacers are composed of photoresist or color photoresist can be located on portions of 
areas covered by the black matrix to maximize the aperture ratio. 



2 Rcpreseotat i?e Drawing 



Fig. I 



